The reactions between ligand 1,4-di(3-pyridyl)buta-1,3-diyne (L) and the differently P-substituted 
Introduction
In the last quarter of century, the research field of coordination polymers and Metal-Organic Frameworks (MOFs) has experienced an impressive growth and now it covers many areas of science and includes innovative materials with important applications such as gas storage, molecular sensing, and drug-delivery.
1 Coordination polymers and MOFs can be prepared by combination of metal cations and organic molecules possessing two or more donor atoms positioned in divergent sites, capable of bridging metal centers to create polymeric structures. The choice of the organic (spacers) and inorganic (metal ions or coordinatively unsaturated preformed complexes) components allows designing polymeric frameworks and constitutes the basis of crystal engineering. Coordination polymers formed by covalent coordination bonds can further assemble in extended supramolecular architectures sustained by weaker interactions such as hydrogen or halogen bondings, π-π interactions and other non-covalent contacts involving groups belonging to the organic or inorganic components of the coordination polymer. This means that by tailoring different components, it is possible to manipulate structures at the molecular level to obtain different polymeric frameworks and supramolecular architectures and hence modify the properties of the resulting materials.
In this respect, we have been developing a synthetic program based on the combination of differently P-substituted neutral organodithiophosphorous Ni II complexes, 2 and a variety of polypyridyl donors, in particular 4,4'-bipyridine and its analogues, 3 to assemble coordination polymers. 4 This assembly process is based on the capability of the coordinatively unsaturated Ni II ion in these square-planar complexes to axially bind suitable bidentate bipyridyl-based spacers yielding 1D coordination polymers whose primary structural motif mainly depends on the features of the spacer. 4 On the other hand, the substituents on the phosphorus atoms can be tailored in order to generate hydrogen bonds and/or π-π interactions that sustain the connection of the polymers in extended supramolecular 3D-architectures. 4 As a consequence, coordination polymers and 3D
assemblies with different structures and architectures can be built up by varying either the bridging ligands or the substituents on the P atom of the initial Ni II complexes. We have recently demonstrated that the 3,5-di-(4-pyridyl)-1,2,4-thiadiazole spacer featuring nitrogen atoms parapositioned in the outwards pyridyl rings self-govern the geometry of the resulting supramolecular construct, leading to predictable assembly of linear or smoothly undulating chains independent of the nature of the interacting Lewis acid. 4d On the contrary, the isomer 3,5-di-(3-pyridyl)-1,2,4-thiadiazole featuring meta-positioned nitrogen atoms in the outwards pyridyl rings, allows for the existence of different supramolecular constructs ensuing from different ligand conformations deriving from the rotation of the pyridyl rings, also depending on the influence of secondary interactions involving the P-substituents. Following these results, in order to better understand how the steric information contained in the P-substituents influences the process of molecular recognition between linear coordination polymers containing spacers featuring meta-positioned nitrogen atoms in the outwards pyridyl rings, we investigated the reactivity of the ligand 1,4-di(3-pyridyl)buta-1,3-diyne (L), with differently P-substituted dithiophosphonato and dithiophosphato 
Results and Discussion
The bidentate ligand 1,4-di(3-pyridyl)buta-1,3-diyne (L) belongs to the family of bis(aryl)diacetylenes. These find roles as building blocks and are widely investigated due to the strong tendency of the diacetylene moiety to arrange into columnar systems thus leading to polymeric conjugated systems which display interesting linear and non-linear optical properties.
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The ligand L was first prepared and structurally characterized by Rodríguez et al. in 1997, 6 and used as a linker for the preparation of several discrete supramolecular structures, 7 and coordination polymers. 8 Due to the presence of the C-C single bond, different orientations are possible for the pyridyl rings, producing several ligand conformations that can be expected to produce different coordination constructs. Therefore, a Potential Energy Surface (PES) analysis was carried out on L at DFT level in the gas phase by rotating one pyridyl substituent through an angle τ ranging between -180 and 180°. This clearly shows that the donor displays an energy minimum when the pyridyl rings are coplanar and with the N-donors trans-oriented (τ = 180°, Figure S1 ), as found in the majority of the reported crystal structures. (Table 2 ) are similar to those found in analogous coordination polymers. 4 The structures of the coordination polymers, shown in Figure 1 , share the presence of neutral zig-zag polymeric chains with very similar intrapolymer Ni···Ni distances of 13.87, 13.81, 13.88, and 13 .80 Å for (1·L)∞, (2·L)∞, (3·L)∞, and (4·L)∞, respectively, in line with those found in other coordination polymers featuring L as the spacer. 9 It is interesting to note that notwithstanding the similar primary structures of the polymers, the different nature of the P-substituents determines different interpolymeric interactions that give rise to different extended supramolecular 3D-architectures.
In the crystal packing of (1·L)∞, the chains run along the b axis direction and are parallel to each other with metal nodes of adjacent chains shifted by b/2. The P-methoxy substituents point towards the coordinated pyridine rings with a C1-H1c···Pycentroid distance of 3.05 Å, and do not contribute to inter-chain linking. Polymeric chains interact with each other through weak hydrogen bonds involving the C5-H5 hydrogen atom of pyridine and the coordinated sulfur atom S2 (a in Figure   2a and Table 3 ). These give rise to a 2D layered arrangement of 1D chains oriented in the crystallographic ab plane. The layers pack along the c axis direction through weak hydrogen bonds involving the C6-H6 hydrogen atom of pyridine and the O2 oxygen of the pertinent MeO Psubstituent (b in Figure 2b and Table 3 ).
In the coordination polymer (2·L)∞ the chains pack in a parallel arrangement, interacting through weak hydrogen bonds (c and d in Figure 3 and Table 3 ) involving the C7-H7 and C8-H8
hydrogen atoms of pyridine and the coordinate sulfur atom S2 and the O1 oxygen of the pertinent MeO P-substituent, respectively. The ethoxy P-substituents control the packing: methylene (P-O)CH2 groups form an intramolecular interaction with the adjacent pyridyl rings with a C2-H2b···Pycentroid distance of 3.49 Å; the terminal methyl C1 atom points towards the acetylenic triple bond of the ligand and contacts (e, Figure 3 , Table 3 ) between the chains are observed.
The crystal structures of coordination polymers (3·L)∞ and (4·L)∞ exhibit disorder relating to the methoxyphenyl P-substituents and since they are directly involved in packing interactions a rigorous analysis of the final supramolecular architecture cannot be performed. Nevertheless, some general considerations can be drawn. The polymeric chains tend to interact with each other through weak H-bonds (f, g, h, i in Table 3 ) similar to those found in (1·L)∞ and (2·L)∞ as evidenced in In order to investigate the solution equilibria related to the formation of coordination polymers (1·L)∞-(4·L)∞, UV-visible spectrophotometric titrations were performed. Figure 7 shows the UVvis spectra collected during the titration of a 9.41·10 -3 M CHCl3 solution of 2 with increasing amounts of a 2.49·10 -2 M solution of L in the same solvent using an Eppendorf electronic automatic dispenser (5-100 µL). The starting volume of the solution, the amounts of L added, the final concentrations calculated for the reagents and their molar ratios are reported in Table 3 . The titration data were analyzed with HypSpec 10 and two absorbing species were found to be involved in the equilibrium, recognizable as the square planar complex 2 and a 2·2L adduct formed through the addition of two L ligands to the central Ni II ion. The coordination of the second pyridyl group of L to another 2 moiety leads to the formation of the insoluble coordination polymer that precipitates from the solution as a green powder. The data were fitted using a 1:2 model and the formation constant for the equilibrium: + 2 ⇆ · 2 was calculated by least squares methods (log The L donor ability was also confirmed by spectrophotometric determination of the formation constants of the species 1·2L, 2·2L, and 3·2L, suggesting the initial formation of discrete 1:2 complex to ligand complexes.
Experimental

Materials and Methods
Starting materials and solvents were purchased from commercial sources and when necessary the solvents have been distilled according to standard literature techniques. Melting point measurements were carried in capillaries, using electro thermal melting point apparatus (0-250° Celsius range). 1 H-NMR (400-MHz) for ligand L in CDCl3, was recorded at 25 °C on a Varian INOVAX-500 spectrometer. Chemical shifts for 1 H-NMR are reported in parts per million (ppm), calibrated to the residual solvent peak set, with coupling constants J reported in Hertz (Hz). Infrared (IR) spectra were recorded on a Thermo Nicolet 5700 FTXIR spectrophotometer using KBr pellets and reported in wavenumbers (cm −1 ). UV-vis spectra were recorded with an UV spectrophotometer Thermo Nicolet Evolution (190-1100 nm) in a range of 400-800 nm.
Single-crystal X-ray diffraction data was collected at 100 K on a Rigaku AFC12 goniometer equipped with an enhanced sensitivity (HG) Saturn 724+ detector mounted at the window of an FR-E+ Superbright Mo-Kα rotating anode generator (λ = 0.71075 Å) with HF or VHF varimax optics.
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Unit cell parameters were refined against all data and an empircal absorption correction applied in Crystal Clear. 13 All structures were solved by direct methods using SHELXS-2013 14 and refined on (4) and (25.1 mg, 0.12 mmol) of L, have been reacted at 50 °C in a flask with 13 mL of EtOH and 15 mL of CHCl3 (amylene stabilized). After complete dissolving of the reagents, the reaction mixture was slowly cooled at room temperature. After twenty-four hours a green microcrystalline powder of (4⋅L)∞ was filtered from solution (60 mg; 0.06·10 -3 mmol; 32% yield) M.p: 180 °C (m). Green crystals suitable for X-ray analysis have been obtained by reacting in Aldrich high-pressure tube the same quantity of reagents and solvents. After complete reagent dissolving, the reaction mixture was transferred in a vial and slowly cooled at room temperature diffusion. FT-IR (KBr, -1 4000-400 cm 
